ABSTRACT:Catalytic combustion is an important technique for utilization of fossil fuels, and the research on catalytic combustion mechanism could provide theoretical basis for the selection of catalyzer.In this paper, we adopt the Ni catalyst to promote the oxidation combustion reaction, and carry out study on carbonoxygen catalytic combustion mechanism based on density functional theory. The result suggests that Ni catalyst could significantly improve the carbon -oxygen catalytic combustion performance.
Density Functional Theory Overview
Density functional theory (DFT) is an expression form of quantum theory, which is developed based on Thomas-Fermi theory in 1960s. The wave function is seen as the basic physical systemin in traditional quantum theory, while density functional theory describes the physical properties of the ground state of the system by particle density, that is, the nature of the system is uniquely identified by its electron density distribution(ρ).
Like Hartree-Fock method, DFT also introduce three approximations: Born-Oppenheimer approximation, adiabatic approximation and single-electron approximation. Adiabatic approximationseparates the motion of the nucleus from the motion of the electron; Hartree-Fockapproximation could simplify the multi-electronic problem to a single -electronic problem. DFT provides the theoretical basis for solving the problem, as it considers the exchange energy and the correlation energy, and adopts a variety of methods to reduce the error. As for Relativistic effect, DFT also makes some amendments, so that describe the multi-electron systemmore accurately.
The basic idea of DFT is to use the particle density function to describe the physical ground state atoms, molecules and solids properties. However, the theoretical basis wasnot really determined until Hohenberg-Kohn first and second theorems were proposed. Subsequently, Kohn and Sham's job made DFT a feasible theoretical method.
Hohenberg-Kohn first and second theorems have many forms of expression, but here briefly introduce the commonly-used one:
(1) Hohenberg-Kohn firsttheorem For an N electronic system regardless ofspin that is in the outer potential field V(r), the outer potential field V(r) is uniquely identified by particle density (ρ). This theorem shows that the ground state of the particle density in multi-electron system is corresponding to the external potential field. Meanwhile, it determines the number of electrons in the system, and then determines all properties of the system. This theorem lays a solid theoretical foundation for the DFT.
(2) Hohenberg-Kohn second theorem In case that total number of particles remains unchanged, the obtained ground state energy is equal to the minimum value of the energy functional. If density functional representation of system energy is known, we can derive the ground state density from the variational condition, so that get all the physical properties of the ground state of the system.
According to Hohenberg-Kohn theorem, the ground state energy and the ground state particle density function could be obtained by variations of density function by energy functional. To complete the single particle image, construct density functions with N single particle wavelet functionφ i (r). 
In the formula,
The above three formulas constitute Kohn-Sham equation. The core of Kohn-Sham equation is to replace the particle Hamiltonian with interaction by the particle model without interaction, and then derive the single-electron equation. Similar to Hartree-Fockapproximation, in DFT, single-electron Kohn-Sham equationderivation is strictly described.
Ni Catalytic Combustion Mechanism
Under the same conditions of combustion, adding of additives could obviously improve the combustion efficiency, e.g. H 2 /Arplasma pyrolysis testsimulates the rapid thermal decomposition of pulverized coal in raceway. Metal catalysts are recognized as the catalysts that have combustion catalyst effect. Ni catalyst plays aimportant role in reduce the ignition point of carbon-oxygen system, because it can effectively promote the interface reaction of carbon and oxygen, and it has high catalytic activity.However, it is easy to cause erosion of combustion equipment, meanwhile.
Composite catalyst is to mix two or more combustion supporting agents that have strengthened catalysis effect. In this study, we adopt the Ni-Al 2 O 3 composite catalyst to promote the oxidation combustion reaction. The influence of nickel powder on carbon-oxygen catalytic combustion reaction is shown in Table 1 . Figure 5 shows that it requires to absorb 1.400eV when C 4 O desorbs from Ni_C 4 O 2 , and needs to cross the two energy barriers of 2.82eV and 2.59eV; while it just requires to absorb 0.82eV when desorbs as the form of C 4 O 2 , and the energy barrier is as low as 1.58eV.
Conclusion
Based on density functional theory, we have carried out systematic study on the process mechanism that the Ni-Al 2 O 3 composite catalyzer promoting oxygen transfer in carbon-oxygen combustion reaction, and the results shows that: 1) adding of nickel powder in catalyzer could significantly affect the combustion performance; 2) the Ni-Ni bride bond on surface of Ni(111) is the active site of the catalytic reaction, O 2 can adsorb and generate reactive oxygen species in these location; 3) C or CO is preferentially associated with the generation of reactive oxygen species, and the dissociation of the product is easy to occur. This study has explored the catalytic reaction path of Ni-Al 2 O 3 composite catalyzer in carbon-oxygen system, and explained the oxygen transfer / release mechanism in catalytic combustion process.
